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Description 

This invention relates to a process of reductive alkylatlon. 

Alkylated benzene can be prepared from benzene by the process of reductive alkylatlon (hydroalkyf atlon). 
5 In this process benzene Is heated, preferably In the liquid state, with hydrogen under pressure over a certain 
catalyst, the result of which is that benzene is partially hydrogenated to cyclohexene and this cyciohexene then 
alkylates the benzene starting material. 

Certain catalysis for such reductive alkylatlon processes have been disclosed, for example ruthenium and 
nickel compounds supported on a calcined, acidic, rare earth treated crystalline zeolite as disclosed in US-A- 
10 4122125 and US-A-4206082. In those specifications type X and type Y zeolites are suggested for use as the 
substrate. We have surprisingly found that far greater conversions are achieved if the substrate which is used 
is zeolite beta. Often the use of one of the comparatively expensive rare earth compounds is not necessary. 

According to this invention a monocycloalkyi aromatic hydrocarbon ora substituted monocydoalkyi aroma- 
tic hydrocarbon is prepared by a process which comprises contacting respectively an aromatic hydrocarbon 
15 or an alkyi substituted aromatic hydrocartjon with hydrogen In the presence of a catalyst comprising ruthenium 
and nickel supported on zeolite beta. This Invention also includes monocycloalkyi aromatic hydrocarbons and 
substituted monocydoalkyi aromatic hydrocarbons made by this process. 

The aromatic hydrocarbon starting material is preferably benzene and the alkyI substituted aromatic hyd- 
rocarbon starting material is preferably an alkyI substituted benzene. Although In principle any alkyI substituent 
20 can be present It is preferred that any alkyI substituent has 1 to 1 0 carbon atoms, especially 1 to 5 carbon atoms. 
The most preferred alkyI substituent Is methyl. There may be one or more alkyI substituents on the aromatic 
nudeus. Examples of suitable alkyI substituted aromatic hydnDcarbons include toluene, ethyl benzene, the 
xylenes, trimethyl benzenes and tetra methyl benzenes, such as durene. 

It is preferred that the hydrogen is contacted with the aromatic hydrocarbon or alkyi substituted aromatic 
25 hydrocari5on under pressure and pressures of between 100 and 2000, e.g. between 1 00 and 600 kPa, are usu- 
ally suitable. 

The catalyst comprises ruthenium and nickel supported on zeolite beta, in practice, the catalyst is made 
by treating zeolite beta with a ruthenium compound and a nickel compound by ion-exchange, impregnation or 
indpient wetness techniques. Although the zeolite beta may initially contain the ruthenium and nickel In the 
30 form of ruthenium and nickel compounds, during the reductive alkylatlon conditions the compounds are deconv 
posed and the actual catalyst contains ruthenium and nickel In metallic fwm. 

Zeolite beta is described and dalmed In US-A-3308069, reissued as Re 28341 where it is described as a 
crystal-line synthetic material whose composition has been calculated to be: 

IxNa{1.0±0.1-x)TEA]AI02.ySiO2.wH2O 
35 where x is less than 1 , preferably less than 0.75; TEA represents tetraethylammonium ion; y is from 5 to 100 
and w is from 0 to 4 depending on the condition of dehydration and on the metal cation present. The TEA com- 
ponent is calculated on the basis of the difference between the analyzed value of sodium and the ultimate 
theoretical cation to Al ration of 1 .0/1 . 

Zeolite beta is also described as a form of a crystalline synthetic material which has catalytic properties 
40 having the composition: 

^ M(1±0.1-x)TEA].AI02.ySiO2.wH2O 

where x, y and w have the values listed above and n is the valence of the metal M which can be any metal, 
preferably a metal of groups 1 A, IIA, IIIA or the transition metals of the periodic table. 

45 This form of the catalyst is obtained from the Initial sodium form of zeolite beta by ion exchange. Zeolite 
beta is described as being formed by crystallization from a reaction mixture containing the tetraethylammonium 
ion. Upon heating of the product, at a temperature in the approximate range of 200-930*C or higher, the tet- 
raethylammonium ion undergoes degradation to the hydrogen ion. Furthermore, in this case the value of w in 
the formula may be essentially O. 

60 The zeolite beta is described as being prepared from reaction mixtures containing tetraethylamonium hyd- 
roxide as the alkali and more specifically by heating in aqueous solution a mixture of the oxides or of materials 
whose chemical composltons can be completely represented as mixtures of the oxides Na20, AI2O3. 
[(C2H5)4Nl20. Si02 and H2O at a temperature of 75°C to 200*'C until crystallization occurs. The composition of 
the prior art reaction mixture, expressed in terms of mde ratios, preferably falls within the fdlowing ranges: 

55 Si02/Al203 - from 1 0 to 200. 

Na20/tetraethylammonium hydroxide (TEAOH) - from 0.0 to 0.1. 
TEAOH/SiOa - from 0.1 to 1.0. 
H2O/TEAOH - from 20 to 75. 



2 



EP 0 338 734 B1 

Zeolite beta can be made by a method comprislg reacting In aqueous media, amorphous silica solids or 
sols and a soluble alumlnate along with aqueous solutions of tetraethylammonlum hydroxide. The alumlnate 
may be sodium alumlnate or tetraethylammonlum alumlnate. Amorphous silica-alumina solids may be used as 
the source of the silica and alumina. The reaction mixture Is initially continuously or periodically stirred to ensure 
5 homogeneity. After this mixing, agitation may be stopped as it is unnecessary to agitate the reaction mass dur- 
ing the formation and crystallization of the zeolite, although mixing during such latter stages has not been found 
to be detrimental. 

Zeolite beta n^y also be made by the process of EP-A-01 87522 In which a reaction mbcture comprising 
sources of sodium, aluminium, TEA, silicon and water and having the following molar ratios of components (exp- 

10 ressed In terms of oxides): 

SiOaAlzOa =10- 200. preferably 1 0 - 1 00. 
NajO/TEAiO =0.3-1 .0. preferably 0.3 - 0.8. 
TEAzO/SiOa = 0.01 - 0.1 . preferably 0.05 - 0.1 , 
H2O/TEA2O =25-1 50. preferably 40 - 1 00, 

IS is heated at a temperature of at least 75''C until zeolite beta Is formed. 

In a preferred aspect, particularly for small scale preparations, the reaction mixture is formed by first mixing 
powdered sources of sodium oxide, silica and alumina, optionally with zeolite beta seeds, and without the addi- 
tion of any substantial amount of water and thereafter combining the mixed powder with an aqueous solution 
containing TEA cations. 

20 The source of silica for use in the process of EP-A-01 87522 is preferably an amorphous solid silica, dry 
silicic acid or a silicate. The source of alumina may be alumina itself, or an alumlnate such as sodium alumlnate, 
in which latter case the aluminate also acts as a source of some or all of the sodium. Alternatively a silica-alu- 
mina solid may be used as the source of both the silica and alumina. Sodium may be added in the form of any 
sodium compound provided that the anion thus introduced does not interfere with the synthesis. Apart from 

25 sodium aluminate. a preferred sodium source is sodium hydroxide. These sources optionally together with pre- 
formed zeolite beta seeds are mbced eg in a mill, In the first step to form a mixed powder. 

The source of TEA cations for the aqueous solution used In the second stage of the preparation of the reac- 
tion may be tetraethylammonium hydroxide or a salt, provided that the anion does not interfere with the zeolite 
formation. 

30 The crystallization can be carried out at temperatures of at least 75*»C and generally in the range of 1 0O^C 
to 250*»C. The crystallization time is dependent of the reaction mixture and the crystallization temperature, gen- 
erally of the order of 2 to 20 days. The pressure during crystallization may be atmospheric or greater, e.g. vary- 
ing firom 1 to 60 bar. Crystallization is conveniently carried out under autogeneous conditions. 

After formation, zeolite beta may be separated from the mother liquor and washed using nonnal work-up 

35 techniques. 

The zeolite beta used in the process of this invention Includes not only the sodium form of zeolite beta as 
synthesized from a system with sodium as the exchangeable cation but also crystalline materials obtained from 
such a zeolite by partial or complete replacement of the sodium Ion with other cations. The sodium cations can 
be replaced, at least in part, by other ions including but not limited to those of metals below sodium in the electro 

40 motive series, calcium, ammonium, hydrogen and mbrtures thereof. Particularly preferred for such purpose are 
the alkaline earth metal ions; transition metal ions such as manganese and nickel; rare earth metal Ions and 
other ions, for example, hydrogen and ammonium which behave In zeolite bete as metels in that they can rep- 
lace Ions without causing any appreciable change In the basic structure of the zeolite crystel. 

The zeolite can be used immediately after calcining In air without any further treatment or the zeolite can 

45 be subjected to Ion exchange after calcining but before the use. Preferred ions for the exchange include: Li*. 
fC, Cs*, Mg++. Ca^, Sr^\ Ba"^, La^, and Ce^ especially Cs* and IC. Preferably the amount of ions exchanged 
onto the sieve is as much as can be loaded onto the sieve. 

When using the ion-exchange technique to form the catalyst, aqueous solutions of the ruthenium and nickel 
compounds are used and the concentrations can be varied over wide ranges, but usually the concentrations 

so range up 2 to 5 weight percent 

Zeolite bete is treated with the aqueous solution of ruthenium and nickel compounds to replace a portion 
of either the alkali metal or other cation content of the zeolite in a cation exchange process which can be carried 
out in a bateh or continuous fashion. Generally, the exchange process is carried out on a continuous basis under 
the following typical conditions. A fixed bed of the zeolite material is treated with said aqueous solution of 

55 ruthenium and nickel compounds at a temperature of 60 to lOO^C under conditions such that from about 0.1 
to about 0.5 of the volume of aqueous salts solution per volume of zeolite Is In contact with said zeolite per 
hour or, in other words, an LHSV ranging from about 0.1 to about 0.5 is employed In the exchange process. 
Under these conditions, the exchange process can be completed in 48 hours or less to achieve the desired 
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level of ruthenium and nickel cations In the zeolite. The exchanged zeolite is then washed free of excess ions 
fronn the exchange step with water. The excess wash water is renfioved by drying the zeolite at a temperature 
ranging from 100° to 250X. 

In the impregnation technique the zeolite beta is Impregnated with a solution of at least one ruthenium com- 
5 pound and at least one nickel compound followed by evaporation of the solvent used In the Impregnation step. 
Solutions of the ruthenium and nickel compounds may be used and the concentrations can be varied over a 
wide range, but usually the concentrations range from 0.1 to 25 weight per cent Evaporation of the solvent 
can be conducted under vacuum if desired. Suitable solvents include water, alcohols, such as ethand, and 
ketones, such as acetone. 

10 The Impregnation is generally carried out under what may be called "total impregnation" whereby the entire 

solids In the solutions used in the impregnation are left on the catalyst support and the liquid solvent for said 

compounds is simply removed by evaporatton. 

In the incipient wetness technique, the zeolite beta Is soaked under reduced pressure with a solution of at 

least one ruthenium compound and at least one nickel compound In order Just to flH the pores and channels 
15 of the zeolite. As with the Impregnation technique the concentrations of nickel and ruthenium compounds can 

vary over a wide range, but usually the concentrations range from 0.1 to 25 weight per cent. The excess of 

solution left over in the zeolite beta channels may be renwved by drying the zeolite beta at temperatures of 

between about 100°C and about 250*C. 

Under the above described conditions, the ion exchange and impregnation processes can be completed 
20 in 48 hours or less to achieve the desired level of uniform dispersion of ruthenium and nickel cations in the 

beta zeolite. 

In all these techniques of treating the zeolite beta with ruthenium and nickel compounds, various ruthenium 
and nickel compounds can be employed such as the nitrates, acetates, halides, e.g. chlorides or ammonium 
halide complexes or aluminium nitrate complexes. Particularly preferred are the chlorides because of cost and 

25 availability. It Is preferred that the above-mentioned loading techniques be carried out with a mbcture of the 
ruthenium and nickel compounds although the treating can be carried out with the separate compounds In either 
order as long as the desired level of ruthenium and nickel is achieved in the final catalyst composition. 

The ruthenium content and nickel content in the final catalyst composition can be selected over a broad 
range. Generally, the ruthenium content ranges from 0.01 to 3 percent by weight Good results can be obtained 

30 employing a ruthenium content within the range of from 0.5 to 1.5, e.g. about 1.0 percent by weight These 
same ranges also apply for the nickel content of the final product However, for Improved catalytic activity, the 
nickel ruthenium weight ratio in the final catalyst should be in the range of from 1:10 to 10:1. preferably in the 
range of from 1:2 to 2:1. 

If desired, the zeolite beta may be impregnated or otherwise treated with a rare earth compound, preferably 

35 before it is treated with the ruthenium and nickel compounds. Treatment can be by the methods described 
above, and the preferred method is Ion exchange. Various rare earth compounds may be used, e.g. a chloride, 
of for example cerium, neodymium or in particular lanthanum. In general the anrwunts of rare earth salts used 
should be such as to produce 1 to 5, e.g. 2 to 4 or about 3 weight percent rare earth In the final catalyst 
It is also found that the inclusion of tungsten with ruthenium and nickel on zeolite beta improves the activity 

40 of the catalytic system, but with lower selectivity to the desired monocydo alkyi aromatic hydrocarbon. Tungsten 
may be incorporated in the catalyst by the metiiods described above and the final catalyst should preferably 
contain 0.1 to 5.0 weight %. e.g. about 0.5 weight % of tungsten. . 

The catalyst containing the compounds of ruthenium and nickel and optionally tungsten and rare earth are 
preferably activated by reduction. This reduction is preferably carried out by subjecting the catalyst to an afmos- 

45 phere of hydrogen at a temperature of 50 to 600^C, at a pressure of from 1 to 2000 kPa and for 1 5 minutes to 
24 hours. Alternatively air may be used instead of hydrogen. 

The reductive alkylation (hydroalkylation) occurs through the partial hydrogenation of the aromatic hyd- 
rocarbon to a cycio alkene. The cydo alkene then reacts with the aromatic hydrocarbon or alkyI substituted 
aromatic hydrocarbon to obtain the desired monocydoalkyl aromatic hydrocarbon or substituted monocycloal- 

60 ky] aromatic hydrocarbon. 

To carry out the reaction the feedstock, that is ttie aromatic hydrocarbon or alkyI substituted aromatic hyd- 
rocarbon, is introduced Into a reaction zone comprising the catalyst The feedstock liquid hourly space velocity 
(LHSV). reaction temperature and pressure, and the hydrogen feed rate are not particularly critical. The liquki 
hourly space velocity (tHSV) generally ranges from 1 to 1 00, the reaction pressure generally ranges from 100 

55 to 1 000 kPa, the hydrogen feed rate generally ranging from 0.2 to 6 mole per mole of feedstock per hour, and 
the reaction temperature generally ranging finom 100*» to 300°C. In particular it is preferred to use a liquid hourly 
space velocity (LHSV) wittiln the range of from 5 to 25, a reaction pressure within the range of from 100 to 600 
kPa with a hydrogen feed rate of from 02 to 6 mole per mole of feedstock per hour, and the reaction temperature 

4 



EP 0 338 734 B1 



within the range of from 100^C to 250^C. 

The hydroalkylation reaction is conveniently carried out by having the above-descrit)ed catalyst In a fixed 
bed reactor and then contacting said catalyst with the hydrocarbon feedstock and hydrogen In an upflow or 
downflow arrangement It is also possible to employ a countercurrent flow of hydrogen and the hydrocarbon 
5 feedstock over the catalyst in the reaction zone. It is also possible to carry out the hydroalkylation reaction under 
batch conditions, although a batch process is less preferred because it is normally more expensive to operate 
and initial equipment costs are higher based upon the same size process. 

Although a fixed bed reactor Is mentioned above, any type of reaction zone can be used. 

The reaction mbcture from the reaction zone can usually be conveniently separated Into the desired com- 
10 ponents by simple fractional distillation and recycle of the unreacted feedstock and unreacted hydrogen can 
be accomplished as desired. The hydroalkylation products can be further purified as desired after separation 
from unreacted feedstock. 

The process of this invention is particularly suitable for the preparation of cyclohexyl benzene from ben- 
zene. 

IS Cyclohexyl benzene can be used as a solvent, starting material for detergents or processed in two steps 
to cydohexanone and phenol (nylon precursors). 

The invention Is now illustrated by the following Examples: 

Example 1 

20 

Benzene was hydroalkylated In 8 different runs. Runs 1 ,2 and 3 were carried out using a catalyst according 
to the invention (zeolite beta made by the process of EP-A-01 87522) and runs 4 to 8 were comparaUve runs 
using different catalysts (sodium form of zeolite Y, mordenite or no nickel present). 

In each run. which was a batch hydroalkylation, 200 ml of predried benzene were contacted with 1 g of 
25 catalyst In a reactor at 200''C. Hydrogen was Introduced into the reactor and maintained at a pressure of 550 
kPa. The catalyst was prepared by two different techniques, namely an Ion-exchange and Incipient wetness. 

The results are given In Table 1 which indicates the SiOz/AlzOa ratio, the reaction time, the conversion the 
benzene and the selectivity. It can be seen that catalysts based on zeolite beta have much superior properties 
in comparison with other supports. It can be seen that the combination of ruthenium and nickel is better than 
30 ruthenium alone on zeolite beta since the addition of nickel enhances the selectivity to cyclohexylbenzene. It 
can be noted that the addition of tungsten to ruthenium and ruthenium and nickel on zeolite beta Improves the 
activity of the catalyst but at the expense of selectivity to cyclohexylbenzene. 
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Example 2 

In this Example benzene was hydroaikylated In 8 different runs. Runs 1 to 4 were runs according to the 
invention and runs 5 to 8 were comparative runs using different catalysts (Linde SK 500 and either no ruthenium 
or no nickel). 

In eacli run which was a batch hydroalkylation 100 ml of predried benzene were contacted with 0.5 g of 
catalyst for 1 hour at a temperature of 200*»C and under a pressure of 550 kPa of hydrogen. The catalysts were 
prepared by the Incipient wetness technique followed by 4 hours drying at IZO'^C. 

Before using each catalyst it was actuated either by heating under an atmosphere of hydrogen or under 
an atmosphere of air, In both cases at 400^C and for 4 hours. 

The results are shown in Table 2 from which it can be seen from a comparison of runs 2 and 6 how the 
use of zeolite beta is superior to that of zeolite Y. Although runs 1 and 2 show a slightly Inferior performance 
to runs 7 and 8 concerning selectivity to cyclohexyl benzene the process of this invention (runs 1 and 2) does 
not require the use of the relatively expensive rare earth metal lanthanum. However, if one does use lanthanum 
then better results are achieved by the present Invention (using zeolite beta) (runs 3 and 4) than by a prior art 
process (using Linde SK 500) runs 7 and 8. It is also noted that the activation of the catalyst with hydrogen 
gives better results as regards selectivity towards cyclohexyl benzene than the activation of the catalyst with 
air (run 1 vs. run 2, run 3 vs. run 4, and run 7 vs. run 8). 
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Claims 

5 1 . A process for preparing a monocydoalkyl aromatic hydrocarbon or a substituted monocycloalkyi aromatic 

hydrocarbon which comprises contacting respectively an aromatic hydrocarbon or an alkyi substituted aromatic 
hydrocarbon with hydrogen In the presence of a catalyst comprising ruthenium and nickel supported on zeolite 
beta. 

2. A process according to claim 1 wherein the aromatic hydrocarbon is benzene. 
10 3. A process according to either of claims 1 and 2 wherein the hydrogen Is under a pressure of between 
100 and 2000 kPa. 

4. A process according to any one of the preceding claims wherein the weight percent of ruthenium Is from 
0.01 to 3 and that of nickel between 0.01 and 3. 

6. A process according to any one of the preceding claims wherein the catalyst also Includes 1 to 5 weight 
IS percent of rare earth metal(s). 

6. A process according to any one of the preceding claims wherein the catalyst also includes 0.1 to 3.0 
weight percent of tungsten. 

7. A process according to any one of the preceding claims wherein the catalyst has been activated by sub- 
jecting it to an atmosphere of hydrogen at a temperature of 50 to 600*C. at a pressure of from 1 to 2000 kPa 

20 for 1 5 minutes to 24 hours. 

8. A process according to any one of the preceding claims wherein the hydrogen is maintained at a pressure 
of from 100 to 1000 kPa. 

9. A process according to any one of the preceding claims wherein the reaction temperature Is between 
100°C and 300X. 

25 1 0. A catalyst comprising ruthenium and nickel supported on zeolite beta for use In preparing an optionally 
substituted monocycloalkyi aromatic hydrocarbon. 



PatentansprQche 

30 

1. Verfahren zur Herstellung eines Monocydoalkyl-aromatlschen Kohlenwasserstoffe oder eines substl- 
tuierten Monocydoalkyl-aromatischen Kohlenwasserstoffs, bel dem ein aromatischer Kohlenwasserstoff oder 
ein alkylsubstitulerter aromatischer Kohlenwasserstoff in Gegenwart eines Katalysators, enthaltend Rutheni- 
um und Nickel tragergestutzt auf Zeollth Beta, mit Wasserstoff kontaktiert wird. 
35 2. Verfahren nach Anspruch 1. bei dem der aromatische Kohlenwasserstoff Benzen ist 

3. Verfahren nach Anspruch 1 oder 2, bei dem der Wasserstoff unter einem Druck von 1 00 bis 2000 Kpa 
steht 

4. Verfahren nach einem der vorangegangenen Anspruche, bei dem der Anteil in Gewichtsprozent an Ru- 
thenium 0,01 bis 3 betragt und der von Nickel zwischen 0,01 und 3 liegt. 

40 5. Verfahren nach einem der vorhergehenden Anspruche, bei dem der Katalysator auch 1 bis 5 Gewichts- 
prozent an Seltenerdmetail(en) einschlie&t 

6. Verfahren nach einem der vorangegangenen Anspruche, bei dem der Katalysator auch 0,1 bis 3,0 Ge- 
wichtsprozent Wolfram einschlie&t 

7. Verfahren nach einem der vorangegangenen Anspruche, bei dem der Katalysator aktlvlert worden ist, 
45 indem er 15 Minuten bis 24 Stunden einer Atmosphare aus Wasserstoff bei einer Temperatur von 50 bis 600 

*C und bei einem Druck von 1 bis 2000 Kpa ausgesetzt worden ist. 

8. Verfahren nach einem der vorangegangenen Anspruche, bei dem der Wasserstoff auf einem Druck von 
100 bis 1000 Kpa gehalten wird. 

9. Verfahren nach einem der vorangegangenen Anspruche, bel dem die Reaktionstemperatur zwischen 
50 100 und 300 *C liegt 

1 0. Katalysator, enthaltend Ruthenium und Nickel tr§gergestutzt auf Zeollth Beta zur Verwendung bei der 
Herstellung eines gegebenenfalls substituierten Mono-cydoaikyl-aromatischen Kohlenwasserstoffs. 



55 Revendlcatlons 

1. Proc6d6 de production d'un hydrocarbure monocydoalkyl-aromatique ou d'un hydrocarbure monocy- 
doalkyl-aromatique substitu6, qui consists d faire entrer respectlvement un hydrocarbure aromatlque ou un 
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hydrocarbure aromatique d substltuant alkyle en contact avec de rhydrog6ne en pr6sence d'un catalyseur 
comprenant du ruthenium et du nickel fbcds sur un support de zeolite bSta. 

2. Procdd6 suivant la revendication 1, dans lequei rhydrocarbure aromatique est ie benzene. 

3. Proc6d6 suivant les revendlctions 1 et 2. dans iequel I'hydrogfene est sous une presslon comprise entre 
5 100 et 2000 kPa. 

4. Proc6d6 suivant I'une quelconque des revendlcations pr6c6dentes. dans lequei Ie pourcentage en polds 
de ruthenium va de 0,01 ^ 3 et celul du nickel se situe entre 0,01 et 3. 

5. Proc6d6 suivant Tune quelconque des revendlcations pr6c6dentes, dans lequei Ie catalyseur contient 
aussi 1 d 5 % en poids de m6tal ou de mdtaux des terres rares. 

10 6. Proc6d6 suivant i'une quelconque des revendlcations pr6c6dentes, dans lequei Ie catalyseur contient 

aussi 0,1 d 3,0 % en polds de tungstens, 

7. Proc6d6 suivant I'une quelconque des revendlcations pr6c6dentes, danfe lequei Ie catalyseur a 6t6 activ6 

par exposition d une atmosphere d'hydrog6ne d une temp6rature de 50 d 600*'C, d une presslon de 1 d 2000 

kPa pendant 15 minutes d 24 heures. 
15 8. Proc6d6 suivant I'une quelconque des revendlcations pr6c6dentes, dans lequei rhydrogfene est main- 

tenu d une presslon de 100 d 1000 kPa. 

9. Proc6dd suivant Tune quelconque des revendlcations pr6c6dentes, dans lequei la temperature de reac- 
tion se situe entre 100 et SOO^'C. 

10. Catalyseur comprenant du ruthenium et du nickel fixes sur un support de zeolite beta, destine e etre 
20 utilise dans la preparation d'un hydrocarbure monocycloalkyl-aromatique facultativement substltue. 



10 



